; P < 0.005) and APVDs (2.4 vs. 2.2 cm; P < 0.001); however, these differences were no longer seen after accounting for head shape. In <28-wk gestational age infants, CVA was statistically similar to controls, as were for small-for-gestationalage infants. conclusion: Our data support neonatal sparing of preterm cerebellar growth that is measureable using cUS, and this includes the most immature and small-for-gestational-age infants. We suggest cUS can be used to assess cerebellar size at TEA, with measures of both width and height being taken into account, and thus may be a useful tool for detecting infants with poorer cerebellar growth who are at increased risk of disability. a n extrauterine environment is adverse for brain development of preterm infants (1) (2) (3) . Survival of very preterm infants and survival without neurodevelopmental disabilities have improved (4) with better outcomes for very immature infants born in the last decade as compared with those born in the 1990s (5) . Neurodevelopmental disabilities of very preterm infants can be partly predicted by the presence of major lesions, either supratentorial or cerebellar, which can be detected using cerebral ultrasound (cUS) (6) or magnetic resonance imaging (MRI) (7, 8) . Even in the absence of major lesions, reduced supratentorial brain growth in preterms at term-equivalent age (TEA) has been shown using MRI (9, 10) and cUS (11, 12) . The predictive value of such a reduced growth for neurodevelopmental outcomes is still not clearly evaluated (9, 12, 13) .
In contrast to reduced supratentorial brain growth, cerebellar growth in preterm infants has been shown in some studies to be preserved at TEA in the absence of major supratentorial injury (14, 15) , although other studies have found different results (16, 17) . Studies, performed in childhood, in survivors of preterm birth, suggest smaller cerebellar sizes than that in term-born controls, which are related to adverse neurodevelopmental outcomes (15, (18) (19) (20) . It is not yet known whether an insult sustained during the neonatal period in preterms may lead to arrested cerebellar development later in childhood, even in infants with normal cerebellar size at TEA (19, 20) .
Studies on cerebellar size and growth have been largely performed using MRI (14, 21) . The aims of this study are to evaluate cerebellar size at TEA using cUS in very preterm infants without major brain lesions and to compare it with cerebellar size in a control group of healthy term infants. In addition, we wish to evaluate cerebellar size at TEA in preterms of different birth gestational ages (GA) and in small-for-gestational-age (SGA) preterm infants. We also aim to determine if neonatal risk factors were associated with cerebellar size at TEA.
RESULTS
A total of 126 infants were assessed: 70 preterms at TEA and 56 term infants during their first postnatal week ( Table 1) . No infant in the control group was invasively ventilated, although nine had nasal continuous positive airway pressure (median 2d) for transient tachypnoea; 39% were given antibiotics for C-reactive protein >2 mg/dl plus risk factors for early infection, but none was symptomatic or had culture-proven sepsis. By contrast, 44% of the preterm infants were invasively ventilated; 54% had at least one episode of clinical sepsis, half of whom had a positive blood culture. No significant differences between the groups were found for gender or being SGA at birth.
Cerebral ultrasound was performed at a mean age of 12 wk in preterms and 5d in controls. No term infant was scanned before 48 h. Postmenstrual age (PMA) at scan was similar between the groups. Weight and length on scan date were Preterm cerebellum at term age Articles smaller in preterms, whereas mean occipitofrontal circumference was 9 mm larger in the preterm group (Table 1) .
Transverse cerebellar diameter (TCD) measurements made via both the anterior fontanelle (AF) and mastoid fontanelle (MF) were available in 19 preterm and 16 term infants. The mean difference between these approaches was −0.5 mm (95% confidence interval for the mean = −0.9 to −0.1 mm), and the intraclass correlation coefficient (ICC) was 0.936, confirming no significant difference between the TCD measured via the AF or the MF.
In comparison with term infants, preterms at TEA, including those who were SGA, had smaller TCD (4.9 vs. 5.2 cm; P < 0.001) but larger cerebellar vermis area (CVA) (4.7 vs. 4.3 cm 2 ; P < 0.005), larger anteroposterior vermis diameter (2.4 vs. 2.2 cm; P < 0.001), and larger anteroposterior pons diameter (1.8 vs. 1.7 cm; P < 0.001). Cerebellar vermis height, fourth ventricle area, fourth ventricle depth, and cisterna magna height (CMH) were not statistically different between the two groups ( Table 2) .
Despite a small, nonsignificant difference between groups for PMA, we tested for an eventual effect of that difference on our results using ANCOVA analysis. Observed differences in the mean values for TCD and CVA for preterms at TEA and term control infants did not change after correcting those values for PMA.
We have previously found significant differences in head shape between term control and preterms at TEA (11), so we tested the hypothesis that our measurements might be influenced by head shape by applying ANCOVA-corrected models for the two main variables: ; not significant). 
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Although there were no significant differences in PMA between the two groups, there was a range of PMA, and we were therefore able to examine the effect of PMA on our measurements. We found, as expected, an increase in cerebellar dimensions with increasing PMA and observed similar rates of increase for TCD (~0.6 mm/wk) and CVA (~8 mm 2 /wk) for preterms at TEA and term controls over this time period (Figure 1) .
Intra-and interobserver agreement assessed using ICC was very good or good for all the measurements except for the interobserver agreement for CMH ( Table 3) .
Clinical Risk Factors and Main Cerebellar Dimensions in Preterm Infants
Subgroup analysis of the more immature infants born before 28-wk GA in comparison with the control group ( Table 4) revealed no significant difference for any of the variables except for TCD, which was wider in term-born infants (4.8 vs. 5.2 cm; P < 0.001) before correcting for head shape but not after applying the correction (5.0 vs. 5.1 cm; not significant). On comparing cerebellar dimensions between preterm infants born before and after 28-wk GA, no difference was found except for a barely significant difference in CVA ( Table 4) .
The effect of being SGA was assessed ( Table 5 ) by comparing SGA preterms (n = 13) with appropriate-for-gestationalage preterms (n = 57) and also by comparing appropriate-forgestational-age preterms with appropriate-for-gestational-age term infants (n = 49). The two preterm groups were of similar GA at birth. No statistical difference was found between SGA and appropriate-for-gestational-age preterm infants, except for a small though statistically significant differences in cerebellar vermis height (2.2 vs. 2.4 cm; P < 0.02) and anteroposterior pons diameter (1.7 vs. 1.8 cm; P < 0.03). After excluding SGA infants from both preterm and control groups, the findings were similar to the original whole-cohort comparison ( Tables  2 and 5) .
On bivariate analysis of risk factors for lower TCD, we found significant differences for the five preterm infants with hypotension requiring vasoactive therapy (4.1 vs. 4.9 cm; P < 0.001) and for the four preterm infants who had necrotizing enterocolitis (NEC; 4.4 vs. 4.9 cm; P < 0.01) but found no significant differences for those requiring resuscitation at birth, invasive ventilation, treatment for patent ductus arteriosus, having at least one episode of culture-proven sepsis, or developing chronic lung disease (CLD). Weak or nonsignificant correlations were found for GA, birth weight, clinical risk index for babies score, or ventilation days with TCD at TEA. On linear regression analysis of risk factors for lower TCD, number of ventilation days (B = 0.008; P < 0.05), NEC (B = −0.302; P < 0.05), hypotension (B = −0.701; P < 0.001), and GA (B = 0.056; P < 0.02) remained significant as explanatory variables (adjusted R 2 = 0.478; P < 0.001). On bivariate analysis of risk factors for lower CVA, a significant difference was found only for those who were invasively ventilated (4.5 vs. 4.8 cm 2 ; P < 0.02). None of the other clinical variables studied was significant for CVA dimension at TEA. On linear regression analysis, only birth weight (B = 0.001; P < 0.01) remained significant as an explanatory variable for CVA (adjusted R 2 = 0.113; P < 0.01).
DISCUSSION
Our cUS data suggest that there is a relative sparing of cerebellar hemisphere and vermis growth up to TEA in very preterm infants without major brain lesions. These findings are in line with MR studies that show conserved cerebellar volumes of preterm infants at TEA in the absence of major supratentorial Preterm cerebellum at term age Articles injury (14, 15) . We found that this sparing effect was maintained even when analyzing data from the more immature and SGA preterm infants. As we only evaluated preterm infants without major cerebral lesions, we are unable to confirm the effect of supratentorial lesions on cerebellar dimensions at TEA previously described using MRI (17, 21) . Since most reports showing reduced cerebellar size at TEA refer to associations of decreased growth when other brain lesions are also present, we speculate that the cerebellum itself is able to grow relatively normally in the absence of any negative trophic transsynaptic effects of disrupted connectivity between the cerebellum and supratentorial structures, which has been described both for unilateral and diffuse neonatal brain disorders (17) . We found that, when compared with term controls, preterm infants at TEA have a larger CVA but a narrower TCD. These findings may be partly explained by the preterm head shape at TEA, which is significantly longer and narrower in preterm infants when compared with term-born infants (11) . However, when we corrected the TCD and CVA measurements for intracranial dimensions, we found that the differences between TCD and CVA in the two groups were no longer apparent suggesting a similar global cerebellar size between preterms at TEA and term controls. This preserved cerebellar growth in preterms is further supported by the findings that the rate of increase in cerebellar size around TEA as measured from the TCD and CVA was similar for preterms and term infants.
Clinical risk factors for a smaller cerebellum at TEA other than major cerebral lesions have been described (21, 22) : notably postnatal steroid exposure, requirement for early intubation, hypotension, and patent ductus arteriosus. In our low-risk cohort, there were very small numbers of infants with those risk factors. Nevertheless, hypotension requiring vasoactive drugs was a significant risk factor for lower TCD and had a nonsignificant trend toward a smaller CVA. Patent ductus arteriosus, CLD, and postnatal steroid exposure were not associated with significantly different cerebellar dimensions at TEA. A selective effect of postnatal steroid exposure on cerebellar size at TEA, observed more often when dexamethasone is used, was recently reported as the greatest risk factor after intraventricular hemorrhage for a smaller cerebellar volume on MRI at TEA (22) . In our study, only three infants were treated with postnatal steroids for severe CLD, and hydrocortisone was used in all cases. NEC was also significant as a risk factor for lower TCD in bivariate and a linear regression model. This reduction in cerebellar size of infants developing NEC is in line with previously described data by our group on this same cohort (11) showing a very significant difference between estimated brain size at term of infants who had NEC.
Despite having found a statistically significant difference of 1 mm for anteroposterior pons diameter favoring the preterm infants at TEA, this difference may be due to the cranial configuration of preterms at term, rather than indicating any real difference in pons size. The fact that we did not measure the pons in any other axis does not allow further speculation concerning the real pons size. 
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We also did not find any significant difference for CM size between the groups. This finding differs from the general extracerebral space size described previously by our group in this same sample (11) , which was much larger in the preterms at TEA. We speculate that this finding supports our conclusion that cerebellar size is relatively preserved in preterms at TEA.
Intra-and interobserver reliability analysis is very important for future application of a concept that may be used clinically. We found good or very good reliability for the key measurements made for this article (TCD and CVA). Nevertheless, we only found a fair reliability for interobserver reliability of CMH. This may be explained by the absence of clear reference points both on the posterior lip of the foramen magnum and the lower limit of the vermis, and care needs to be taken in avoiding echoes that come from the cerebellar tonsils rather than the vermis.
Our comparison of TCD measured via both the anterior and MF showed the same excellent concordance that we had found in preterm infants (23) . Occasionally, it can be difficult to make good measurements of the TCD by one or other acoustic window; these data confirm that once a good image is obtained, the measurements are not different, and either approach can be used.
Follow-up of these infants is ongoing to assess whether there is any relationship between cerebellar (as well as other measures we have made) dimensions and neurodevelopmental outcomes. However, given the similar cerebellar values found for the preterm infants included in this study and term controls, we would not expect very relevant prognostic value of ultrasound measurements for outcome. Nevertheless, our results aid in establishing normal values for these measurements that are helpful in defining cerebellar hypoplasia resulting from localized cerebellar pathology or the atrophic effect of supratentorial lesions. Infants who have a smaller cerebellum at TEA may be at increased risk of neurodevelopmental problems (24,25) and may benefit both from a MRI scan at TEA for further definition of pathology, aiding in predicting outcome, and closer neurodevelopmental follow-up.
METHODS
We assessed prospectively cerebellar dimensions in a cohort of infants born at <32-wk GA and scanned at TEA and in a group of healthy, term-born control infants scanned during the first postnatal week.
The study was performed at the Hospital de Santa Maria in Lisbon, a tertiary neonatal intensive care unit and main referral center in South Portugal for neonatal neurology, neurosurgery, and metabolic disorders. Written informed parental consent was obtained for each case and control infant; the study was approved by the Medical Ethics Committee of the Hospital de Santa Maria.
Preterm infants with neurological problems or any cerebellar or supratentorial scan abnormality up to TEA, (except isolated germinal matrix hemorrhage or transient periventricular flares that did not evolve to cystic periventricular leukomalacia and did not persist to TEA) were excluded from the study. SGA infants (birth weight <10th centile on the updated Babson and Benda's charts) (26) were not excluded from the initial cohort but were also analyzed separately.
The term control infants were either term-born infants recruited from the postnatal ward (one-third) or infants on the low-dependency care neonatal unit (two-third); some had jaundice, were being given antibiotics for suspected but unproven sepsis, or mild and transient respiratory distress. Median Apgar scores were 9 at 1 min and 10 at 5 min. The infants neither had abnormality detected using cUS nor had neonatal neurological problems. They were born during the study period and remained in the hospital for at least 72 h.
Clinical data were collected in relation particularly to antenatal growth, condition at birth and postnatal course with respect to clinical risk index for babies scores (27) , length of ventilation, nasal continuous positive airway pressure, CLD (defined as oxygen supplementation after 36-wk PMA), postnatal steroid use for CLD, hypotension requiring the use of inotropes, blood culture-proven sepsis, NEC, days on parenteral nutrition, patent ductus arteriosus, and retinopathy of prematurity.
All images were acquired by one author (A.M.G.) using a Siemens Acuson Sequoia scanner (Siemens, Erlangen, Germany) with a 10v4 transducer set to 8.5 MHz and digitally stored in the Digital Imaging and Communications in Medicine format. cUS scans of preterm infants were performed as part of our standard neonatal intensive care unit scanning protocol. Scanning of term-born control infants was performed specifically for this study, but the scanning was avoided during the first 72 h after birth to allow time to minimize the headmoulding effects on the measurements. 
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AGA, appropriate for gestational age; NS, not significant; SGA, small for gestational age. ; we did not take both TCD measurements for all infants, but for most we used the measurement made using the AF view. In 19 preterm and 16 term infants, we had both measures, and in 10 infants, only from a mastoid view. We have previously shown that measurements made from the AF and MF views correlate very well on scans performed during the first postnatal week in preterm infants (23) . In this study, we re-tested the comparability of both measurements in a sample of term-and preterm-born infants at TEA. 2. Measurements made in a midsagittal plane are as follows:
• from the anterior base of the fourth ventricle to its posterior tip • CMH was measured linearly with calipers from the intracranial border of the posterior lip of the foramen magnum to the lower border of the vermis; a neonatal measurement of the CMH was described in the 1980s, but the methodology used was built to deal with the technical problems of early scanners and cannot be reproduced using recent scanners. This measurement is not the same as that used fetally for measuring the cisterna magna.
Intracranial diameters were also measured from ultrasound images made via the AF in order to allow corrections of the cerebellar measurements for head shape, since it is recognized that preterm infants at TEA often have longer and narrower head shape as compared with term-born infants: (i) the biparietal diameter was measured from a coronal image at the level of the Sylvian fissures; (ii) the occipitalfrontal diameter was measured from a midsagittal image from the occipital bone to the frontal bone just above the orbits; and (iii) the intracranial height was measured from the posterior lip of the foramen magnum to the AF.
Statistical analysis was performed using IBM SPSS statistics version 19 (IBM, Armonk, NY). Sample distribution was assessed with Shapiro-Wilk test. Comparisons of numerical dependent variables between groups were performed either using independent samples t-test when both groups were normally distributed or using Mann-Whitney test when at least one of the groups did not follow a normal distribution. Corrections for confounding variables were done using ANCOVA models. Correlations between numerical explanatory variables and numerical dependent variables were performed using Pearson or Spearman correlations depending on the distribution of data. Multiple regression analysis was used to evaluate if significant explanatory variables on bivariate analysis remained significant when all explanatory variables were considered in a model.
The intra-and interobserver reliability of the cUS measurements was tested on repeated measurements (blinded to the original ones) using ICC mixed model for absolute agreement on at least 10% for intraobserver and 25% of the sample for interobserver agreement. The strength of agreement was classified using the scale described by Brennan and Silman (33) . Accuracy was considered good for ICC between 0.61 and 0.80 and very good for ICC >0.80.
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